A B S T R A C T Gonococcal pili, pure by the criteria of electron microscopic examination and polyacrylamide gel electrophoresis in sodium dodecyl sulfate, have been prepared by repeated cycles of precipitation with 0.1 M MgCli, followed by dissolution in 0.01 M Tris pH 8, 0.01 M NaNs. Using a fluorescein-conjugated antibody prepared to pili from a single strain, pilar antigen(s) was found to be present in each of 18 strains of gonococci tested, and absent from strains of pilated meningococci, nonpathogenic Neisseria sp., and Escherichia coli. Purified pili, labeled with 'I were used in an antigen binding assay to quantitatively measure antibody to pili in rabbit sera and in 561 human sera. The range of antibody activity for 133 persons unlikely to have experienced gonorrhea was 0.1-1.6 /Ag/ml with a geometric mean of 0.5 ,ug/ml. This geometric mean antibody activity was significantly lower than the geometric mean for asymptomatically infected males (1.0 isg/ml, P < 0.002), males with symptomatic gonococcal anterior urethritis (1.6 ug/ml, P <0.001), or asymptomatically infected females (4.2 Ag/ml, P<0.001). Antibody appeared in elevated levels (> 1.6 Lg/ml) 2-3 wk after infection and returned toward control levels 1 or more months after treatment. Antibody levels higher than 1.6 Ag/ml were found in 26 (50%) of 52 males with gonococcal anterior urethritis, in 10 (33%) of of 56 asymptomatically infected females. In a high-risk group of 103 females for whom culture results and antibody to pili were compared, 58 (57%) had elevated antibody levels to pili and 86% of the infected females were within this seropositive group. The antigen binding assay may provide a means to detect asymptomatic gonococcal infection in women.
INTRODUCTION
Gonococcal pili are filamentous structures present on the surface of colonial variants T1 and T2 of Neisseria gonorrhoeae (1, 2) . Variants T1 and T2 have produced experimental infection in human volunteers, whereas colonial variants T3 and T4 devoid of pili have not (3, 4) . This same correlation between colonial type and infectivity has been observed in the chick embryo animal model (5) .
Gonococcal pili have been purified and studies of their immunochemistry have been performed (6) . This report describes the quantitative measurement of antibodies to gonococcal pili in human and rabbit serum by means of a radioactive antigen binding assay (7) , uti-ganiisms per milliliter, pH approximately 5.8). Organisms were sedimented using a Sharples continuous-flow centrifuge (Sharples Div., IPennwalt Corp., Philadelphia, Pa.). Pili, which were sheared from the gonococci during centrifugation, were precipitated from the supernate by adjustingthe pH to 4.0 with HCl. This precipitate was collected by Sharples centrifugation and was redissolved with stirring at 40C in 0.01 MI Tris pH 7.5 and 0.01 M NaN3. This suspension was centrifuged at 12,000 g for 10 min and the supernate was dialyzed overnight at 4°C against distilled H20. Magnesium chloride was then added to the dialyzed supernate to a concentration of 0.1 M and placed at 4°C overnight, analogous to the method developed by Brinton for purifying type 1 pili of E. coli (41) . The magnesiumtreated preparation was centrifuged at 12,000 g for 10 min and the precipitate suspended in 100 cc of 0.01 AM Tris pli 8, 0 .01 M NaN'3 and dialyzed for 3 days at 4°C against 12 liters of the same buffer. The suspension was then centrifuged at 12,000 g for 10 min and the supernate \vas dialyzed overnight distilled water. The supernate was then adjusted to 0.1 NIMgCl2 and placed at 4C overnight.
After three cycles of precipitation with Mg-C12 and dissolution in 0.01 M Tris buffer pH 8 containing 0.01 -M NaN3, the final product was ready for use in the antigen binding assay.
Chemical methods. Pili were electrophoresed in 10%l polyacrylamide gels with 0.307 bisacrylamide, 0.1% sodium dodecyl sulfate to assess purity of the product and the molecular weight of the pilar subunit (12) (13) (14) (15) . Approximately 1 /Ig of pili or molecular weight marker labeled with I5 by the chloramine T method (16) , was boiled for 1 min in 1% SDS, 1lo 2-mercaptoethanol prior to applyingZD to the gel. After completion of the electrophoresis, the gels were sliced in 1 mm segments and assessed for radioactivity.
Protein determinations on purified pili were performed by Folin-Ciocalteu method using rabbit Cohn fraction II as a standard (17, 18) .
Electron microscopy. Gonococci of a particular colony type, nonpathogenic Neisseria sp., meningococci, and Escherichia coli were visualized by negative staining of buffer suspensions of agar cultures. Purified pili preparations and whole organisms were examined utilizing either 17% potassium phosphotungstate (pH 6.8) or 2 ¶ c aqueous uranyl acetate (pH 3.5) as negative stains (1) . Carbon-coated, collodion-covered grids were used and examinations were made with an AEI EM801 microscope (AEI Scientific Apparatus, Inc., \Vhite Plains, N. Y.) operating at 90 k V. (3) . Freeze-fracture, freeze-etch studies were done using a Balzers 360 M apparatus (Balzers High Vacuum Corps. Santa Ana, Calif.) (19) .
Culture methods for isolating gonococci. Cultures were obtained by a platinum wire 100P or sterile cotton swab from urethral, cervical, throat, or anal sites and streaked directly onto warm Thayer-Martin culture media (20) . The culture plates were incubated at 36°C f or 24 h in a candle extinction jar, and colonies were identified as gonococci by oxidase reaction, Gram's stain, and sugar fermentations (21) .
Preparation of rabbit antiscrim to gonzococcal pili. A total of 50 ,g in 2 ml volume per rabbit of purified pili in complete (0.1 mg/ml Alycobactcr in butyricum) Freund's adjuvant was injected intramuscularly and into the footpads of several adult New Zealand Red rabbits and the same regimen was repeated after 1 mo. The gamma globulin fraction of antiserum obtained 10 days after the second immunization from the rabbit was conjugated with fluorescien iothllioyantel t22) at a fluorescein to antibody protein ratio of 2 When three samples were tested in duplicate, six different times, the standard error of repeat testing was less than 4% (Table I) .
Study populations. A total of 561 human sera were tested with the antigen binding assay (Table II) . Human sera were obtained from the following groups: (a) 133 persons unlikely to have experienced gonococcal infection; (b) 88 persons recovering from unrelated acute illnesses, meningococcal meningitis, or who were nasopharyngeal carriers of meningococci; (c) heterosexual men and women examined for gonorrhea in a venereal disease clinic (245 patients, 279 sera) ; (d) seven patients with acute gonococcal arthritis and eight females with asymptomatic gonorrhea who were examined serially for change in titer (69 sera, Table II) .
Of the 473 patients tested, 252 were male. Half (44 persons) of the patients tested for crossreactive antibody and 80 of the persons unlikely to have experienced gonorrhea were less than 14 yr of age (Table II) . Of the 133 persons unlikely to have experienced gonorrhea, cultures were obtained only from the 11 men who denied any sexual intercourse (Table II) . Cultures of the anterior urethra of these men did not grow N. gonorrhocae at the time when their serum specimens were obtained. The healthy laboratory personnel specifically denied any history of gonococcal infection. Neither the nuns nor the children were questioned regarding gonorrhea.
Of the 88 patients whose sera were tested for cross reactive antibody to gonococcal pili, 13 were recovering from nonspecific urethritis, viral respiratory syndromes, rheumatic fever, or an exacerbation of rheumatoid arthritis (Table II) . The other 75 patients were selected because their sera had high levels of antibody to Group A or C meningococcal polysaccharide as determined by Farr assay (26), or because they had been infected with Group B meningococci for 2 or more weeks (Table II) . Specimens were examined by negative staining at each step during isolation and purification of pili. The major non-pilar component found in specimens from early preparative steps were membrane-limited vesicular structures varying in size from 150 to 500 A in diameter. These represent fragments of disrupted membranes that comprised the protoplasmic and cell wall membranes of once-intact gonococci. As can be seen in the low magnification micrograph (Fig. lc) these contaminating membrane vesicles are virtually absent in preparations obtained after the several purification steps outlined in Methods. The majority of pili are arranged as laterally adherent aggregates when negatively stained with uranyl acetate (Figs. Ic and id) . The low pH of the negative stain (pH = 3.5) causes isoelectric precipitation of the pili (pI approximately 4.0). Phosphotungstate negative staining (pH 6.8), by contrast, results in pili which are dispersed on the specimen grid (Fig. le) .
Figures 2a and 2b summarize the results obtained with 'I-labeled gonococcal pili or molecular weight markers when submitted to electrophoresis in sodium dodecyl sulfate polyacrylamide gels. Purified pili produce a single major peak ( Fig. 2a) with a mobility corresponding to a subunit molecular weight of approximately 24,000 (Fig. 2b) . Approximately 15 Ag of purified pili were obtained per liter of liquid culture. Assuming 5 X 10' gonococci per milliliter of liquid culture, and using Avogadro's number, and a molecular weight of 20 million for the pilus calculated from its dimensions, periodicity, and subunit size, approximately one pilus was isolated from each gonococcus. The average gonococcus grown in liquid culture has 10 pili according to our electron microscopic observations (2) and those of others (1), and thus we estimated a 10% yield for the purification procedure. with 'I by the chloramine T method (16) were indistinguishable from unlabeled pili when examined by electron microscopy. Fig. 3 (Table II) . The geometric mean antibody activity to pili of the latter group was 0.5 ug/ml. The 53 persons older than 13 yr of age within this group had a geometric mean antibody level of 0.6 /Ag/ml, and the distribution of their levels is indicated to the left of the control line in Fig.  4 . The range of antibody activity for the entire group of 133 persons unlikely to have experienced gonorrhea was 0.1-1.6 ug/ml (Fig. 4) . The geometric mean antibody activity for the 88 sera tested for crossreactivity was 0.66 jg/ml. Three of the 88 persons whose sera were tested for crossreactivity had more than 1.6 jig/ml antibody activity to pili. Each of these persons was more than 15 yr old (Table II) .
The geometric mean antibody activity in serum from 52 males with acute symptomatic gonorrhea was 1.6 jug/ml, a level which was significantly higher than the level for the adults within the group of 133 persons unlikely to have experienced gonorrhea (P < 0.001, Fig. 4 ). Also 26 (50%) of the 52 males with gonococcal urethritis had more antibody to pili than any of the controls. The geometric mean antibody for the 30 asymptomatically infected males was 1.0 ug/ml. This level was significantly higher than the mean for the adults within the control group (P < 0.002), and 10 of the 30 had more than 1.6 Ag/ml antibody activity (Fig. 4) . Asymptomatically infected females had the highest antibody levels, with a geometric mean antibody activity to pili of 4.2 Ag/ml for the group. One serum had 20.6 jig/ml antibody activity and 50 of the 56 (89%) had more antibody to pili than any of the controls (> 1.6 ,g/ml, Fig. 4 ).
Among sera from the group of 133 persons unlikely to have experienced gonorrhea, antibody levels to pili increased with age for a given population. The geometric mean antibody level of sera from 26 healthy children 6 mo to 2 yr of age was 0.35 ug/ml, as compared with a level of 0.56 Ag/ml for the 23 3-5 yr olds from the same group (P <0.002). Similarly, for a group of 12 Rockefeller University clinic patients from whom sera had been collected over a period of 20 Months after treatment FIGURE 6 Decline in antibody after treatment for asymptomatic gonococcal infection. years, the geometric mean antibody level to pili rose from 0.3 jIg/ml at ages 5-8 to 0.5 /ig/ml for the same persons at 9-12 yr of age.
Each of the seven patients with systemic gonococcal infection showed an early rise in antibody during the first 2 wk of disease (Fig. 5) . Two of the seven (patients nos. 1 and 3) had initial antibody levels which were comparable to persons who had not experienced gonorrhea (Fig. 5) . Patient no. 1 had skin lesions, arthritis, a positive throat culture, and serum antibody to pili of 0.6 Ag/ml 8 days after well documented exposure to gonorrhea. 9 days later she had an antibody activity of 3.8 jg/ml which after 1 mo declined to levels within the control range (1.6 Ag/ml, Fig. 5) .
Cervical, pharyngeal, and anal canal cultures for N. gonorrhoeae remained negative in each of the eight asymptomatically infected females after treatment, and antibody declined for most patients with a half-life of approximately 45-60 days (Fig. 6 ). Patients 1, 2, and 4 whose initial serum contained 3.0-4.0 jg/ml antibody activity declined to plateau levels of antibody between 2.0 and 2.3 jg/ml within 2-3 mo after treatment.
Antibody levels for the other patients which were initially 8.0-20.6 Ag/ml declined to plateau levels within 4 mo (patient no. 3) or did not reach plateau levels (patients nos. 5-8) after observation periods of 11-4 mo (Fig. 6) . Fig. 7 plots the antibody activity to pili of serum from 142 heterosexual men who were cultured for gonococci in venereal disease clinics. 82 had urethral infection with N. gonorrhoeae and 60 had negative rectal, urethral, and oropharyngeal cultures for gonococci. Men with symptoms and positive cultures had a significantly higher geometric mean antibody activity (1.6 Ag/ml) than those with negative cultures (P < 0.05, Fig. 7 ). Of the eight men with negative cultures and antibody levels greater than 1.6 jug/ml, six (75%) admitted a previous history of gonorrhea (Fig. 7) . The Antibody Response to Gonococcal Pili in Patients with Gonorrhea 2903 two men who denied a history of gonorrhea had antibody levels of 2.0 tg/ml and 2.2 Pg/ml. 11 (21%) of the 52 men with negative cultures and antibody levels of 1.6 ug/ml or lower had a previous history of gonorrhea. The geometric mean antibody level for the asymptomatically infected men (1.0 Lg/ml) was not significantly different from the level for symptomatically infected or for culture negative men (Fig. 7) , but was significantly lower than the level for asymptomatically infected women (Fig. 4, P < 0.01) . Fig. 8 summarizes the culture results and serum antibody to pili for 59 girls confined in a reform school, and 45 women examined in a venereal disease clinic. The girls in the reform school or women in the venereal disease clinic whose cultures grew gonococci were comparable in age, sex, race, and employment status to those in their respective group with negative cultures (Table II) . Of the 103 females, those with negative cultures at all sites had a lower geometric mean antibody activity (1.1 Ag/ml) than those with positive cultures (4.2 ,g/ml, P <0.001). 50 (86%) of the 58 females with more than 1.6 Ag/ml antibody activity had cultures which grew gonococci, as compared to eight (18%) of 45 for those with 1.6 /ug/ml or less. Six of the eight asymptomatically infected females whose antibody activity was less than 1.6 iFg/ml were women examined in a venereal disease clinic and two were girls in a reform school. Followup sera were available from seven of these eight females, and three of the seven developed elevated antibody levels to pili, suggesting that these three patients had contracted infection too recently to develop antibodies at the time they were first tested. The eighth asymptomatically infected female with antibody activity less than 1.7 ug/ml had been cultured 10 days previously. Her cultures at that time did not grow gonococci, suggesting that she had acquired her infection within 10 days of when her serum plotted in Fig. 8 was obtained. Each of the eight females with negative cultures for gonococci and elevated antibody levels to pili (> 1.6 Ig/ml) were from the group of girls confined in a reform school (Table II , Fig. 8 ).-These girls were cultured only once, and of the five culture-negative girls whose serum contained 2.1 pg/ml or more antibody to pili, one gave a history of previous treatment for gonorrhea and three had another venereal infection at the time of culturing. For the total group of 103 females, if one had obtained cultures only from the 56% of the group with elevated antibody activity to pili (> 1.6 Ag/ml), one would have identified 86% of the infected persons (Fig. 8) . Culture results negative (45) positive (58 (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) . The use of a pure antigen preparation decreases the chance of detecting crossreacting antibody responses to organisms other than gonococci, and is a prerequisite to quantitating the antibody response to a single antigen.
A few examples will illustrate the complexity of gonococcal antigens which have been employed for diagnostic serologic analysis.
Magnusson and Kjellander used a suspension of gonococci heated to 60°as antigens in a complement fixation test (27) . Watt, Ward, and Glynn (30) and Ratnatunga (43) also used heated whole organisms in a complement-fixation test system. Danielsson, Schmale, Peacock, and Thayer purified gonococcal protoplasm antigens by gel filtration and ion exchange chromatography (28, 29) . These antigens were from the supernate of gonococci disrupted in a Ribi cell fractionator following centrifugation at 36,000 g for 30 min, and contained approximately equal amounts of carbohydrate and protein (29) . More than one protein was present in this preparation as evidenced by polyacrylamide gel electrophoresis and nucleic acids were also present (30) . Multiple precipitin bands were produced in agar gel diffusion using these antigens and hyperimmune rabbit serum (29) . Some of these antigens have been shown by double diffusion in agar to be also present in the protoplasm of N. meningitidis, N. flava, and N. sicca (31) . Tauber et al. and Maeland studied the immunochemistry of N. gonorrhoeae endotoxin prepared by several methods (32) (33) (34) (35) (36) (37) (38) (39) . Endotoxin was obtained from gonococci by extraction with phenol-water (32) (33) (34) (35) , alkali (35) , trichloroacetic acid (35) , heat (35) , or aqueous ether methods (35) (36) (37) (38) (39) . The endotoxin was shown to be present in the gonococcal cell wall (37) and depending upon the method of extraction was found to be composed of either lipopolysaccharide alone or a combination of lipopolysaccharide and protein (32) (33) (34) (35) (36) (37) (38) (39) . Heterogeneity of the endotoxin was demonstrated by Pevikon block electrophoresis (36) and indirect hemagglutination inhibition tests (35, 39) . The protein antigen of endotoxin was common to meningococci and gonococci, and crossreactivity was observed between lipopolysaccharide antigens of gonococcal endotoxin and some nonpathogenic Neisseriae and meningococci (39 phenol-water extract of gonococci. These antigens were 65-80% protein and 5-10% carbohydrate by weight. They observed crossreactivity between this antigen and immune sera produced against N. catarrhalis but not with antisera to nmeningococci.
Gonococcal pili, as isolated in this study, are pure when examined by electron microscopy (Figs. lc-le) and are aggregates of a single protein subunit as demonstrated by polyacrylamide gel electrophoresis in sodium dodecyl sulfate (Figs. 2a, 2b) . Fluoresceinconjugated anti-pili antibody, over a 10-fold range in antibody concentration, stained only pilated gonococci and did not stain pilated meningococci or pilated nonpathogenic N. catarrhalis, N. flavescens or pilated E.
coli. Since gonococci possess few pili than the strains of nonpathogenic Neisseria and E. coli tested, no staining of the latter organisms indicates that their pili are antigenically different from gonococci. Furthermore, the pili of gonococci are morphologically distinguishable from those of E. coli and nonpathogenic Neisseria (2, 41, 42) . However, the lack of staining of meningococci with the fluorescein-conjugated antigonococcal pili antibody could results from the fact that meningococci are much more sparsely pilated than gonococci. Whatever the reason, persons infected with meningococci do not, in general, produce antibodies which crossreact with gonococcal pili. In this study, 72 sera containing high levels of antibody to meningococcal group-specific polysaccharides, obtained from patients with meningococcal infections, possessed antibody levels to gonococcal pili which were within the range of 133 persons unlikely to have experienced gonorrhea (Fig. 4) . Sera from three patients with meningococcal infections contained elevated antibody levels to gonococcal pili (> 1.6 ug/ ml). These three persons were a 37-yr old male, a 26-yr old female, and a 25-yr old female who were not questioned regarding their sexual activity or whether they had experienced gonorrhea, and their antibody levels to pili were 19.2 ytg/ml, 2.3 /g/ml, and 1.8 Ag/ml, respectively. Gonococcal pili described in this report were from a single strain, strain 2868 of N. gonorrhoeae. Since fluorescein-conjugated antibody to pili of this strain brightly stained pilated organisms of 18 different strains, it is unlikely that major antigenic differences exist between gonococcal pili from different strains. These considerations suggest that gonococcal pili isolated by the methods described above are a pure antigen common to all gonococcal strains and specific to N. gonorrhoeac.
The antigen binding assay using 'I-labeled gonococcal pili is capable of detecting as little as 100 pg of antibody (Fig. 3 ). This represents a considerable increase in sensitivity over methods used previously to detect antibodies to gonococcal antigens (55) . This sensitivity allows detection of antibody to pili in as little as 10 u1 of serum from patients with gonorrhea, a disease which is usually a localized infection (56, 57) . However, it is likely that specificity and reproducibility are more important determinants of whether an assay can accurately separate infected persons from those who are not infected with gonococci. Patients infected with gonococci produce antibody to pili in concentrations of 1-20 iyg/ml (Fig. 4) , a range detectable by conventional serologic tests. Since antibody levels to some gonococcal antigens are as little as 0.5 Ag/ml higher in infected as compared with noninfected persons (Fig.  4) , the reproducibility of an assay upon repeat testing may be the principal factor which determines its usefulness for any large scale testing of sera. Typically, repeat testing results are within 10-20% for the antigen binding assay (26 , Table I ), as compared with variations of up to two twofold dilutions (400%) for conventional serologic tests may account for some of the difficulties with previously published methods of serologic testing for gonorrhea.
The time course of the immune response to gonococsal pili is similar to the response to some other gonococcal antigens. Each of the seven persons with gonococcal arthritis in this study showed a rise in antibody to pili within 1 wk of the onset of their symptoms (Fig. 5) . Five had elevated levels to gonococcal pili when they first presented with systemic disease (nos. 2, 4, 5-7) and the other two (nos. 1 and 3) developed elevated levels within the first week of illness. Magnusson and Kjellander (27) , Chacko, and Nair (50), and Genner, Anton, and Boas (62) also found that elevations in antibody were detectable after 7-10 days of illness. Hess, Hunter, and Ziff, using an indirect fluorescent antibody method, observed antibody to gonococci in 80% of sera obtained from patients during the first week of arthritis, and in 100% of sera obtained 8-21 days after the arthritis began (63) . The time required for antibody to decline to normal levels following treatment was found by Hess' to be 1-9 mo (63) , and by Magnusson and Kjellander to be 1 mo to 1 yr (27) . Genner observed elevated antibody levels for 6 mo to 2 yr in untreated patients (62) . Antibody levels to gonococcal pili declined to 2.2 ug/ml or less within 1 mo after treatment in one patient with gonococcal arthritis (no. 1, Fig. 5 ) and within 3 mo after treatment in four asymptomatically infected females (nos. 1-4, Fig. 6 ). It was observed that more time was required to decline to an antibody level of 2.2 Lg/ml if the initial serum antibody level to pili was very high (Figs. 5 and 6 ). The rate of different immunoglobulin classes (64, 65) in the rate of decline of this antibody remains to be determined.
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Buchanan, Swanson, Holmes, Kraus, and Gotschlich Our observation that more females than males infected with gonococci have elevated antibody levels to gonococcal pili is consistent with nearly every previous report of serologic tests for gonorrhea (27, 30, 40, (43) (44) (45) (46) 48) and may be related to the duration of infection in each sex. Most men develop dysuria and urethral discharge within 5 days after infection and seek diagnosis or treatment. Consequently, their infection persists for a sufficient duration to develop elevated antibody levels. However, this is unlikely to be the only reason for the higher antibody levels seen in women because in some instances even prolonged asymptomatic gonococcal infection of males may not provide sufficient antigenic stimulus to produce elevated serum antibody levels to pili. Three of five asymptomiatically infected men who had urethral cultures which remained positive for 2-3 wk while treatment was withheld failed to develop elevated antibody levels to gonococcal pili. The gonococci isolated from the urethra of one of these asymptomatically infected men was examined by electron microscopy and found to be pilated. It is therefore unlikely that normal antibody levels to pili in these persons reflect infection with non-pilated gonococci. The sex difference in antibody levels may be related to other factors such as the general tendency of females to produce more antibody to a number of antigens (66) (67) (68) or to local factors such as extent of infection and lymphatic drainage.
One of the principal reasons that gonorrhea is the most common reported infectious disease in the United States today is that the reservoir of asymptomatically infected females capable of transmitting the disease (69, 70) is not being detected. Many women infected with gonococci never develop iatrotropic symptoms, and it is estimated that there were approximately 800,000 of these women in the United States in 1972 (71, 72) . In this study, the antigen binding assay detected elevated antibody levels to gonococcal pili in 86% of asymptomatically infected females (Fig. 4) . Cultures of the endocervix are useful as a screening method for populations with a high prevalence of gonorrhea. However, cultural methods are too expensive and logistically impractical for screening low prevalence groups. It is conceivable that mass screening of low risk female populations with the antigen binding assay could provide a means to detect and eliminate many asymptomatic gonococcal infections in women. The low level of antibody response to pili in asymptomatically infected men, combined with the lack of antibody rises in many men with symptomatic urethritis who are treated within 10 days of becoming infected, indicates that the antigen binding assay may be of limited usefulness for detection of localized gonococcal infection in males (Fig. 7) . However, most men with gonococcal infection develop symptomatic urethritis and are treated (71, 72) . Therefore one could hypothesize that a significant reduction in the number of asymptomatically infected women, in concert with cultural detection and treatment of asymptomatically infected males, would lead to a general reduction in the prevalence of the disease. Since it would be more feasible to screen large numbers of women by serologic test than by endocervical culture, the antigen binding assay may prove a useful method for detecting the reservoir of asymptomatically infected women in the United States.
